This paper formulated the mathematical model of traction transformers of single phase traction substation、 Three phase-two phase traction substations (V/V traction transformer 、 Scott transformer 、 impedance-matching balance transformer) which are widely used in China electrified railways. The negative-sequence current injected into the public grid and three -phase voltage unbalance at PCC is quantitatively analyzed. At the same time, the influence of feeder load proportion and feeder load phase error on the negative sequence current is also discussed. This proposed method provides significant assistance for the selection of traction substation types and external power supply schemes of other electrified railways.
INTRODUCTION
The power supply of electrified railway is provided via single-phase or three-phase traction substations, in which the corresponding single-phase or three-phase, v/v,Scott,impedance-matching balancing transformers are used.Due to the single-phase power supply and the load characteristics, electro-train may affect the power quality. The effect mainly involves power strike, negative-sequence current and harmonics, among which negative-sequence current contributes the most. This paper makes use of power balancing equations and analyzes the phasor relationship between the single-phase current at the eletrotrain side and the three-phase current at the grid side. According to the symmetric component analysis, the general calculation method for sequent current is then derived. It provides a convenient way to analyze the influence on negative-sequ3nce current due to the unbalancing load at the two arms of the electro-train. The paper evaluates the negative-sequence current injected into the grid fom various traction transformers. The evaluation result may provide significant guidance for `traction transformer selection in the future.
2．MATHEMATIC MODEL

General model
The two sides of the traction transformer may be considered as a multi-terminal network [1] as shown in Figure 1 .
The primary side of the traction transformer is connected into three-phase system of the public grid, while the secondary side is connected with the traction system of the train. Each arm of the power supply is viewed as one terminal. For each power supply terminal, the voltage of phase A at the primary side is selected as reference. 
where, α K is the ratio of the traction transformer； α ψ is the phase of the voltage at the secondary side； α ϕ is the phase of the load factor at the secondary side。 From the power balance equation for the two sides of the traction transformer
the following equatin may be derived. 
（4）
Solve (4) according to the connection scheme of the traction transformer, get the current flowing at both sides.
The sequent current at the primary side of the traction transformer will be retrieved according to symmetric component method.
The negative-sequence current ratio at the primary side is defined as:
Single phase traction substation
The single phase traction transformer configuration is shown in Fig.2 .
For a single phase traction transformer, there is only one terminal at the secondary side, as shown in the figure. When power supply is provided through AC phases, , we may conclude that:
the sequence current at the primary side may be acquired:. Negative-sequence current ratio is:
V/V traction substation
V/V traction transformer configuration is shown in Fig.3 . The figure shows two power supply modes, in which power is provided though phase AC and phase BC respectively. 
Power supply through phase BC
When power supply is provided through single phase BC, the voltage at the terminal is : 
Scott traction substation
The configuration of SCOTT traction transformer is shown in Fig.4 . The total current at the primary side of the traction transformer is acquired by using superposition method. 
Impedance balancing transformer [2]
The configuration of Impedance balancing traction transformer is shown in Fig.5 . 
The total current at the primary side
The total current at the primary side can be acquired.
The sequence current at the primary side is:
The negative-sequence current ratio is: 
3．EXAMPLE
In the following example, the calculation of 2 I for various traction transformers will be described.
The parameters used for the computation include: the primary voltage is 110kV, The secondary voltage is 25kV, The maxim load of the train is 80MVA. Assume that the power supplying arm α is working at the maxim current and the current of arm B varies, the sequence current at the primary side is then calculated,and as shown on table 1. Table 1 The sequence current at the primary side for various traction transformers Single-T V/V-T Scott/Impedanc e T η ε . e) In order to restrict negative-sequence current within the allowable values, SCOTT or impedance balancing transformer is recommended with higher priority. However, prior to fulfillment allowable value ,V/V transformer may also be used when the load at the two arms of the train is normally in balance. When the normal load at the two arms of the train is seriously unbalanced, there will be little difference in the negative-sequence current produced by various kinds of traction transformers. Under this condition, single-phase traction transformer will be the ideal choice due to its simple structure, low production cost as well as its high operation efficiency. However, negative-sequence current control has to be implemented in accordance with the application of singlephase traction transformer.
4．CONCLUSION
The practical calculation formula for three-phase current at the primary side of the traction transformer is derived based on the power balance equation. Furthermore, the sequence current at the primary side is calculated for various types of traction transformers including singlephase, V/V, SCOTT and impedance balance transformers.
The relationship between the negative-sequence current ratio ε and the degree of load unbalance η at the two arms of the train is built up. In addition, the function of negative-sequence current variation with respect to the power factor difference of the load at the two arms of the train β α ϕ ϕ − is determined. The negative-sequence current characteristics of various types of traction transformers can be conveniently compared then.
It provides useful guidance for the selection of reasonable traction transformer to meet the requirement of the power quality in the public grid.
